We present follow-up spectra of 39 emission-line galaxies (ELGs) from the KPNO International Spectroscopic Survey (KISS). Many targets were selected as potentially low metallicity systems based on their absolute B magnitudes and the metallicity-luminosity relation. The spectra, obtained with the Lick 3-m telescope, cover the full optical region from [O II]λλ3726, 29 to beyond [S II]λλ6717,31 and include measurement of [O III]λ4363 in twelve objects. The spectra are presented and tables of the strong line ratios are given. For twelve high signal-to-noise ratio spectra, we determine abundance ratios of oxygen, nitrogen, neon, sulfur and argon. We find these galaxies to be metal deficient with three systems approaching O/H of 1/25th solar. We compare the abundance results from the temperature-based T e method to the results from the strong-line p 3 method of Pilyguin (2000).
Star-forming emission-line galaxies (ELG's) are important probes of galaxy evolution. Spectra of ELG's reveal the abundances of heavy elements in the host galaxies (Searle and Sargent 1972; Izotov, Thuan & Lipovetsky 1994; ). The measured abundances are tracers of star-formation history and can be used to estimate star-formation rates (Kennicutt 1998 , Contini et al. 2002 , initial mass functions of the starbursts (Stasinska and Leitherer 1996) , and general trends in galactic evolution such as the the metallicity-luminosity relation (Skillman et al. 1989; Richer and McCall 1995; Melbourne and Salzer 2002, hereafter Paper I) .
The study of metal abundances of star-forming ELG's has revealed a class of extremely low-metallicity galaxies such as I Zw 18 and SBS 0335-052, both with metallicities of roughly 1/50th solar (Izotov et al. 1997) . In addition to these two extreme galaxies are a handful of galaxies with metallicities roughly 1/25 solar . These galaxies are all dwarf systems which follow a metallicityluminosity trend whereby the less luminous galaxies tend to be less chemically evolved. They place bounds on the primordial composition of the universe, an important observational constraint on Big Bang nucleosynthesis. Izotov et al. (1994 Izotov et al. ( , 1997 , among others, use these extremely metal-poor systems to infer a value for the primordial helium abundance. This paper presents spectral follow-up observations of potentially metal-poor systems drawn from the KPNO International Spectroscopic Survey (KISS, Salzer et al 2000) . KISS identifies ELG candidates out to a redshift of z = 0.095 by selecting objects that exhibit line emission in low-dispersion objective-prism spectra. The blue survey (Salzer at el. 2002) identifies objects which possess a strong [O III]λ5007 emission feature. The red survey (Salzer et al. 2001 ) selects objects via the Hα line. The sample contains a wide range of starforming galaxies, such as starburst nucleus galaxies, HII galaxies, irregular galaxies with significant star formation, and blue compact dwarfs. The survey is also sensitive to Seyfert galaxies and quasars with emission lines redshifted into the bandpass of the objective-prism spectra. The red survey, based on the Hα selection criterion, remains sensitive to even the most metal-poor ELGs which may be overlooked by surveys with detection criteria based on [O III] lines, blue colors, or UV excess. Therefore we expect that KISS contains several extremely metal-poor systems which will be interesting for abundance studies.
The goals of the current paper are twofold. First, we publish the results of the follow-up spectroscopy obtained over two seasons at the Lick Observatory, as part of the overall effort by members of the KISS group to obtain slitspectra of KISS ELG candidates. Second, we present the first results of our program to obtain metallicity estimates 1 for potentially low-abundance objects. In Section 2 we discuss the galaxy sample, the observations, and the datareduction methods. In Section 3 we present the follow-up spectral data obtained at Lick and discuss the properties of the objects observed. Section 4 presents a detailed analysis of the twelve objects with abundance-quality spectra. We measure properties of the nebular emission regions such as electron temperature and electron density and calculate abundance ratios of heavy elements with respect to hydrogen. Section 5 discusses the abundance results, placing them in the context of previous work and exploring the effects of secondary metal production. In addition we we use the sample to examine the recent strong line oxygen abundance methods of Pilyugin (2000 Pilyugin ( , 2001 . Our results are summarized in Section 6.
observations and data reduction

Sample Selection
As mentioned above, the galaxies discussed in this paper were chosen from the KISS catalogs primarily as potential metal-poor systems. Observing lists were prepared for each Lick run using the criteria spelled out below. In addition, a number of objects were observed for other purposes entirely. For example, several faint KISS objects with putative radio detections were observed in 2001 as part of a different study (Van Duyne et al. 2003) . Hence, the KISS objects for which we present follow-up spectra represent a rather heterogeneous sample, and include a smattering of AGNs and several luminous starburst galaxies in addition to many low-luminosity star-forming systems.
Objects were chosen for follow-up as potential lowmetallicity galaxies based on one of two criteria. First, objects with absolute B magnitudes M B −16 are found to be metal poor based on the metallicity-luminosity relation (see Paper I). Absolute magnitudes can be derived from the KISS survey data (coarse objective-prism redshifts plus B-band photometry, see Salzer et al. 2000) . Based on the published survey data alone, we were able to generate lists of potentially interesting objects using M B −16 as our cutoff. Second, follow-up spectra existed for several hundred KISS ELGs at the time these Lick observations were obtained. These were nearly all taken in "quick look" mode, where each object was observed for ∼10 minutes or less. For strong-lined ELGs, this is sufficient to obtain an accurate redshift and to assess the nature of the object, even for faint candidates (B = 20 or fainter). However, these short exposures are not adequate for deriving accurate abundances. Also, most of the KISS follow-up spectra have been obtained using spectrographs with no blue sensitivity, meaning that we often do not have data for several important lines, such as [O II]λλ3726, 29. Therefore, we re-observed several objects at Lick for which their low-metallicity nature had been revealed by certain strong emission-line ratios (e.g., [O III]λ5007/Hβ and [N II]λ6583/Hα ) found in their existing follow-up spectra. We were particularly interested in objects for which [O III]λ4363 was visible in the "quick look" follow-up spectra. The [O III]λ4363/[O III]λ4959 + λ5007 line ratio is used to measure the nebular electron temperature. Accurate nebular abundance determinations rely on this electron temperature measurement.
In general, these criteria allowed us to identify metalpoor starburst galaxy candidates with a reasonable degree of success. However, in a few cases we discovered high-redshift Seyfert galaxies and quasars rather than lowluminosity starburst galaxies. In some cases a strong [O III]λ5007 is redshifted to the bandpass covered by the red KISS objective-prism data and is misinterpreted as Hα from a low-luminosity, nearby dwarf galaxy. Unfortunately the only way to distinguish these cases is through follow-up spectroscopy, since the objective-prism data are too low resolution to allow one to distinguish between these two options.
Observations
We obtained spectra of KISS ELGs at the Lick 3-m telescope over the course of three observing runs: April 29, 2000; May 31 -June 1, 2000; and April 27 -29 2001. The spectra were taken with the KAST double spectrograph which makes use of a dichroic beam splitter (D55) to obtain the full optical spectrum in one observation. We observed with a slit width of 1.5 arcsec and used Grating 2 (600/7500) on the red side giving a reciprocal dispersion of 2.32Å/pixel and Grism 2 (600/4310) on the blue side giving a reciprocal dispersion of 1.85Å/pixel. The full spectral range provided by this setup was from 3500 A to 7800Å. Exposure times ranged from 20 minutes to 80 minutes (see below), with the longer observations taken in 20 minute increments and combined later. Each night of observations included spectra of a Hg-Cd-Ne and NeAr lamps to set the wavelength scale as well as several spectrophotometric standard stars for flux calibration.
Our brighter targets were visible directly on the slitviewing camera available for the KAST spectrograph. However, for fainter objects (roughly B > 17) we could not see the sources clearly in the camera, and were forced to use the following procedure. We removed the grating and opened the slit jaws, then took a short exposure image of the source. We then moved the telescope until the target was centered on the known location of the narrowed slit. While somewhat inefficient, this procedure allowed us to position even extremely faint objects in the slit of the spectrograph. The faintest object we observed had a B magnitude of 21.24. The slit orientation was fixed at a position angle of 90
• (E-W), to minimize the effect of differential atmospheric refraction for our sample of targets, which have declinations comparable to the latitude of the observatory.
The amount of integration time each object received varied depending on the nature of the source. For objects without previous follow-up spectra, it was unclear whether obtaining a high S/N abundance-quality spectrum was warranted. After obtaining a preliminary exposure of ∼20 minutes, the resulting spectrum was evaluated in real time. Objects that were found to contain the auroral [O III]λ4363 line of sufficient strength to yield a high quality abundance were then observed for additional time. In this way high signal-to-noise spectra were taken only for the most promising low-metallicity candidates. Objects whose spectra did not contain the [O III]λ4363 line were only observed for the single exposure. In nearly all cases, these data are sufficient for determining fundamental properties about the galaxies, such as redshift, galaxy activity type, and values for the strong emission-line ra-tios.
Data Reduction
The data reduction was carried out with the Image Reduction and Analysis Facility 1 (IRAF). Processing of the 2D spectral images followed standard methods. All of the reduction steps mentioned below were carried out on the red and blue spectral images independently. The mean bias level was determined and subtracted from each image by the data acquisition software automatically. A mean bias image was created by combining 15 zero-second exposures taken on each night. This image was subtracted to correct the science images for any possible 2D structure in the bias frames. Flat fielding was achieved using an average-combined quartz-lamp image that was corrected for any wavelength-dependent response.
1D spectra were extracted using the IRAF APALL routine. The extraction width (i.e., distance along the slit) was selected independently for each source by examination. For most sources the emission region was unresolved spatially, so that the extraction width was limited to ∼5-6 arcsec. Sky subtraction was also performed at this stage, with the sky spectrum being measured in 8-12 arcsec wide regions on either side of the object window. The Hg-Cd-Ne and Ne-Ar lamp spectra were used to assign a wavelength scale, and the spectra of the spectrophotometric standard stars were used to establish the flux scale. The standard star data were also used to correct the spectra of our target ELGs for telluric absorption. This is important because a number of our ELGs are at redshifts where the [S II] doublet falls in the strong B-band and would otherwise lead to a severe underestimate of the true line flux. The emission-line fluxes and equivalent widths were measured using the SPLOT routine. When multiple images of the same object were available, the spectra were reduced separately then combined into a single high S/N spectrum prior to the measurement stage.
The KAST spectrograph uses a dichroic beam splitter to break the spectrum into red and blue sections. In order to analyze the data it is necessary to ensure that the red and blue regions are on a consistent flux scale. To achieve this, we made certain that the extraction regions used in APALL were precisely the same for both the red and the blue sections. We utilize the standard star observations to measure any remaining small-scale shifts between the red and blue sides. To do this, we measured the flux in the continua of the standard stars taken each night in 100Å bins from 5000Å to 5800Å. A plot of flux vs. wavelength reveals any small shifts between the continuum fluxes on either side of the dichroic break. Since the image scales for the red and blue sides are the same, and since the same spectral extraction regions were used for both sides, the correction factors were expected to be small. This turned out to be the case, with the derived correction factors for each night of observations ranging from a few percent up to 10 -12%. For our instrumental setup, Hα and Hβ are nearly always on opposite sides of the dichroic. Therefore the main effect of the correction factor is to modify the Hα/Hβ ratio, and hence the measured value of c Hβ (see below). Thus, this necessary procedure introduces an additional level of uncertainty into the derivation of the nebular abundances (Section 4) in the sense that it affects the reddening corrections.
For an initial estimate of the internal reddening in each galaxy we calculate c Hβ from the Hα/Hβ line ratio. c Hβ is then used to correct the measured line ratios for reddening, following the standard prescription (e.g., Osterbrock(1989) :
where f(λ) is derived from studies of absorption in the Milky Way (using values taken from Rayo et al. 1982) .
Estimates of c Hβ for each galaxy are given in Tables 1-3 . A more rigorous estimate of c Hβ is made for the abundancequality spectra (Section 4.1, Table 6 ).
the spectral data
The results of our spectroscopic observations of the Lick Sample are presented in Tables 1 -3. The tables are organized by the source KISS catalogs in which the targets are located. Column 5 lists a coarse spectral quality code. Q = 1 refers to high quality spectra, with high S/N emission lines and reliable emission-line ratios. Q = 2 is assigned to objects with lesser quality spectra but still reliable line ratios. Q = 3 refers to spectra where the data are of low quality, usually due to the faintness of the object and/or the weakness of the emission lines. Column 6 lists the redshift, obtained from the average of the redshifts derived from all of the strong emission lines. Typical formal uncertainties for z are 0.00005 -0.00010 (15 -30 km/s). Column 7 gives the decimal reddening coefficient c Hβ , which is defined in equation 1. In several cases the derived values for c Hβ are negative. In virtually all instances where this occurs, the formal error in c Hβ is such that the measured value is consistent with c Hβ = 0.00. Whenever a negative c Hβ is measured, we adopt c Hβ = 0.00 for the computation of reddening-corrected line ratios.
Columns 8 Finally, Column 17 indicates the activity type for each object: SBG = Starburst Galaxy (i.e., any type of starforming ELG), SY2 = Seyfert 2, LIN = low-ionization nuclear emission region (LINER), QSO = quasi-stellar object, Gal = non-emission-line galaxy, Star = Galactic star. The latter two categories represent objects that are not actually extragalactic emission-line sources, and hence are objects mistakenly identified by the survey as ELGs. To date, follow-up spectroscopy has shown that ∼ 8 − 9% of the objects cataloged in KISS are actually non-ELGs.
Characteristic spectra of objects observed with the Lick 3-m telescope are presented in Figure 1 . These were selected to illustrate the range of objects identified by KISS. Shown are the spectra of a low redshift star-forming galaxy ( Figure 1a ), a moderate redshift QSO (Figure 1b ), a LINER (Figure 1c) , and a moderate redshift Seyfert 2 galaxy (Figure 1d ). Both the QSO and the Seyfert 2 are examples of objects selected from the red survey (Hα-selected) where another emission line ([O III]λ5007 in both cases) is redshifted into the low-z Hα region. About 2% of the KISS galaxies with follow-up spectra fall in this category; most are AGNs. A more complete discussion of the AGN population found in the KISS catalogs is given in and Stevenson et al. (2003) . The spectra of the 12 objects for which nebular abundances are derived are shown in the following section.
In Figure 2 we present a diagnostic diagram (e.g. Of the 39 objects in our sample, 29 are classified as starburst/star-forming galaxies of some type, three are Seyfert 2s, one is a LINER, one is a QSO. Five objects are non-ELGs: two are Galactic stars and three are galaxies with no emission lines. A more complete discussion of the spectroscopic properties of these galaxies will be presented in a future paper summarizing the spectroscopic follow-up of the entire KISS sample.
metal abundances
Twelve galaxies in our sample were observed with a high enough signal-to-noise ratio to detect [O III]λ4363. The [O III]λ4363 line provides a measure of the electron temperature in the star-forming regions of these galaxies. Using the temperature in conjunction with the measured line ratios we calculate accurate metal abundances.
General properties of the sample are given in Table  4 . Column 1 gives the KISSR/KISSB number of the object. Column 2 shows the apparent B magnitudes which range from 15.6 to 19.9. The median m B is 17.6, and the sample contains three galaxies with m B > 19.5, significantly fainter than most objects found in traditional nebular abundance studies. Column 3 gives the B − V color of each galaxy corrected for Galactic reddening. Column 4 shows the absolute B magnitude of each galaxy. M B varies from -12.5 to -17.5, and thus tends to be on the fainter end of the KISS ELG luminosity distribution. This is not surprising since we were targeting objects that were expected to have low metallicity. Column 5 gives the recessional velocity in km/sec, and Column 6 gives the calculated metallicity of the object (see Sections 4.1 -4.3). Overall the sample galaxies tend to be fainter and more distant than the galaxies studied by previous groups doing nebular abundances. While this makes it more difficult to do accurate abundance work, we find that reasonable results are possible. Not surprisingly, the formal errors in our final abundance estimates tend to be somewhat higher than those obtained in many of these previous studies. However, the precision of our results is still adequate for most applications to the statistical study of chemical evolution in galaxies.
The following section details the metal abundance determinations. We will refer to the temperature-based abundance determination as the T e method.
The Spectra and Line Ratios
The spectra of our 12 abundance-quality objects are presented in Figure 3 . These sources are characterized by low continuum emission with very strong emission features. These spectra generally have a high log([O III]λ5007/Hβ) ratio and a low log([N II]λ6583/Hα) ratio indicative of low metal abundance and high excitation star-forming regions. The spectra also contain detections of sulfur, neon, argon, and helium lines. Measurements are made of all the lines with equivalent width exceeding 1Å. Raw and reddeningcorrected line ratios are presented in Tables 5 and 6 , respectively.
The c Hβ values used for the reddening correction were determined from a simultaneous fit to the reddening and absorption in the Balmer lines, using all available Balmer line ratios. The stellar absorption, usually not exceeding 3Å of equivalent width, is corrected for, and a value for c Hβ is obtained for each galaxy by using the average of the values for the three highest-order Balmer line ratios. Because KAST is a dual channel spectrograph there is the added complication of putting the red and blue sides on the same flux scale. In certain cases this caused problems with determining an accurate value for c Hβ . However, we posses additional spectra of these objects that cover the full optical range in one image. We use these additional spectra to confirm and in some cases revise the Hα/Hβ line ratio used to infer the reddening corrections. The adopted values of c Hβ are given in Table 6 . (Note: these values are different than the estimated c Hβ values given in Tables  1-3.) Four of the twelve galaxies have been observed spectroscopically by other groups. KISSR 49, also known as CG 177, was observed by Salzer et al. (1995) (Wegner et al. 2003 ) agrees with all the major Lick line ratios to within the errors, indicating that the more recent results are reliable. KISSR 1752, the extremely metal-poor object SBS 1415+437 was observed by Thuan et al. (1999) . The high signal-to-noise-ratio observations taken by Thuan et al. are equivalent to the Lick results to within errors for all the major indices. Finally KISSR 1845, also known as CG 903 and HS 1440+4302 was observed by Popescu & Hopp (2000) in a survey of dwarf galaxies in voids and by Ugryumov et al. (1998 Ugryumov et al. ( , 1999 . In this case we find agreement with Popescu et al. to 
Electron Density and Temperature
We assume a two zone model for the star-forming nebula, a medium-temperature zone where oxygen tends to be doubly ionized and and low-temperature zone where oxygen is singly ionized. Within the radius of the lowtemperature zone hydrogen is ionized and beyond this zone hydrogen is assumed to be neutral.
Ideally we would like to know the electron density and temperature in each zone. However, the data available only allow for an electron density measurement in the low-temperature zone, and an electron temperature measurement in the medium-temperature zone. We use the [S II]λ6716/λ6731 (Izotov et al. 1994 ) ratio to determine the electron density, which in all measurable cases is roughly 100 e − cm −3 . In several cases the sulfur lines are too noisy to accurately determine the electron density. In half of these cases the [S II]λ6716/λ6731 doublet falls within the atmospheric B-band. For galaxies where electron density was not calculated, we assume a density of 100 e − cm −3 . In all cases we assume that the density does not vary significantly from zone to zone. The electron temperature in the medium temperature zone is given by the oxygen line ratio [O III] (λ4959 + λ5007)/λ4363 (Izotov et al. 1994) . Calculations of both the electron density and electron temperature are carried out using the IRAF NEBULAR package (Shaw & Dufour 1995) , which makes use of the latest collision strengths and radiative transition probabilities.
We estimate the temperature in the low-temperature zone by using the algorithm presented in Skillman et al. (1994) based on nebular models of Stasinska (1990) t e (OII) = 2((t e (OIII)
where t's are temperatures measured in units of 10 4 K. The measured electron densities and temperatures are presented in Table 7 . Figure 1 , the red and blue sides of these spectra have different dispersions. Therefore line ratios between lines from the two sides should not be compared using this Figure. Specifically, the apparent Hα/Hβ line ratios will not be correct in this Figure Metal abundance measurements depend critically on a knowledge of the nebular electron temperature. However, the [O III] λ4363 is often weak and for two objects in our sample it is suspect. These cases and the solutions adopted are discussed below.
The spectrum of KISSR 666 gives an unusually high electron temperature, over 20,000 K. However, the [O III] λ4363 lines in the individual Lick spectra (that were summed to produce the final spectrum) appear noisy. This is not surprising since the galaxy is very faint with m B = 19.81, much fainter than galaxies traditionally studied for abundances. In order to confirm this unusual result, we decided to re-observe the object with the Monolithic Mirror Telescope (MMT). The larger aperture of the MMT allowed for a cleaner spectrum which indicated a significantly lower electron temperature of 16,500 K. Because the spectrum from the MMT had a higher signal-to-noise ratio, we adopted that temperature (Lee et al. 2004) for the subsequent abundance analysis of the Lick spectrum.
In a similar case, the spectrum of KISSB 23 appears to have a suspect [O III] λ4363 line. The line observed in our Lick spectrum is unphysically broad. This odd shape is repeated in all four of the individual spectra. In addition, the center of the putative [O III] λ4363 line is offset slightly in wavelength compared to its expected position. We reobserved this object on the MMT as well. The MMT spectrum does not reproduce the odd shape of the line, indicating that the Lick spectrum is suspect. We hypothesize that scattered light in the KAST spectrograph fell upon the location of the [O III] λ4363 line giving it the observed broad appearance and leading to an over-estimation of the line flux. We again adopt the temperature calculated from the MMT spectrum (14750 K, Lee et al. 2004 ).
Calculating Metal Abundances
We use the IRAF NEBULAR package (Shaw & Dufour 1995) to calculate ionic abundances relative to hydrogen. The input data tables include the densities and temperatures of each ionization zone, as calculated above, and the emission-line ratios measured previously ( Izotov et al. (1994) given by:
ICF ( 
In 
However, in the few cases where we observe He ++ in the spectra, the line is very noisy and we assume that the amount of O +++ in the nebulae is negligible. Using the ionic abundances and ionization correction factors given above, we deduce the O/H, N/H, and Ne/H ratios for each galaxy. Measurements of the sulfur abundance ratios, S/H are limited to the 6 galaxies in which we measure S ++ . We measure Ar/H in 8 of 12 galaxies. The abundance results are presented in Table 7 . (Note: preliminary metallicities for this sample of galaxies were presented in Paper 1. The metallicities reported here are updated and supersede the preliminary results. We plan to use the final results from this paper, in conjunction with metallicity results from Lee et al. (2004) to update the metallicity -line-ratio relationships given in Paper 1.)
We generate error estimates for the abundance data in Table 7 in the following way. We use the one sigma errors in the oxygen line ratios to generate new T e [OIII] dev measurements for each system. The error in the electron temperature is then given by,
We then propagate this error estimate through equation 2 to obtain σ(T e [OII]). We run the abundance programs with temperature offsets to generate a second abundance estimate for each element. We take the difference between the original ionic abundance estimate and the new estimate as the error in the ionic abundance. In order to account for the effects of errors in the observed line ratios, we add in quadrature the percentage error of the line ratio to the temperature-based error for each ion. Errors in temperature range from 10% to 4% and result in final metallicity errors of 0.04 -0.09 dex. A comparison of our metallicity result for the extremely metal-deficient KISSR 1752 with Thuan et al. (1999) reveals good agreement. We find 12 + log(O/H)= 7.57±0.04 while they give 7.60±0.01. In addition, for the three galaxies where we have an independent MMT spectrum we find good agreement in the metal abundances derived from the two spectra.
discussion of metallicity results
Abundances and Abundance Ratios
The final abundance estimates are given in Table 7 . It is standard to refer to the metallicity of a galaxy in units of 12 + log(O/H). In these units solar metallicity is 8.92 (Lambert 1978) . (A more recent determination of the solar oxygen abundance by Allende Prieto et al. (2001) gives a metallicity of 8.69. We will however continue to refer to the older solar abundance value so that we can more easily compare with previous work.)
We find that all twelve galaxies studied here are metal poor with 12 + log(O/H) < 8.1. The mean metallicty of the sample is 7.79 (1/13th solar), and three galaxies are extremely metal deficient, approaching 12 + log(O/H) ∼7.5, or ∼ 1/25 solar. As mentioned above, the formal errors on our abundances are somewhat higher than many previous studies, due to the faintness of many of our sources. The average error in the oxygen abundance is 0.056 dex, and in all cases the errors are smaller than 0.1 dex. Metal enrichment of galaxies occurs as a result of at least two processes, ejection of enriched material during core collapse and type Ia supernova, and matter loss through stellar winds. The α elements such as oxygen, sulfur, neon and argon are produced in massive stars. Because they are created under the same conditions, the ratio of these elements should remain constant with increasing O/H ratios. This has been demonstrated empirically in Izotov and Thuan (1999) , among others. Panel (a) of Figure 4 shows the Ne/O ratio as a function of O/H for the Lick data (diamonds) and the Izotov and Thuan dataset (points) . Panel (b) shows S/O. In general the Lick data agree with the Izotov and Thuan data, albeit with a somewhat higher scatter. We find the mean log(Ne/O) = −0.65±0.07 while Izotov and Thuan gives log(Ne/O) = −0.72 ± 0.06. Similarly for sulfur we find a mean log(S/O) = −1.47 ± 0.14 with Izotov and Thuan reporting log(S/O) = −1.56±0.06. Argon (not plotted) has similar behavior to neon and sulfur. We find a mean log(Ar/O) = −2.20 ± 0.13, while Izotov and Thuan give mean log(Ar/O) = −2.26 ± 0.09.
The production of nitrogen is more complicated than the α elements because nitrogen production can be enhanced by the CNO cycle in lower mass stars. However, for low metallicity galaxies it has been found that N/O is constant for increasing O/H . In panel (c) of Figure 4 we plot the N/O ratio as a function of O/H again comparing the Lick data (diamonds) to the Izotov and Thuan data (points). The Lick data give a mean log(N/O) = −1.42 ± 0.12 while Izotov and Thuan give log(N/O) = −1.47 ± 0.14. No significant nitrogen enhancements are noticeable in the figure, and we concur with van Zee et al. (1998) and that nitrogen is a primary element in low metallicity systems and only becomes significantly enhanced with respect to oxygen at metallicities higher than that of the galaxies contained in the Lick sample.
Helium abundances, especially in low metallicity systems like the ones being studied here, are exciting to measure because they can place bounds on the primordial helium abundance. While helium lines were detected in all twelve spectra, they were not high enough signal-to-noise to allow for a reasonably accurate determination of the helium abundance. Higher quality spectra of these objects may prove interesting for future studies of helium abundances in low-metallicity systems.
T e vs. p 3 Metallicities
Because the T e metal abundances are so dependent on the quality of the [O III]λ4363 line, we compare the T e abundance results with metallicities derived from the strong oxygen lines alone. Recently, Pilyugin (2000 Pilyugin ( , 2001 ) demonstrated a method for calculating metallicity from the strong oxygen lines [O II]λλ3726, 29 and [O III]λλ4959, 5007. The Pilyugin method (hereafter the p 3 method) is an empirical result that relates ratios of the strong oxygen lines and Hβ with metallicities measured with the T e method. He finds that his method agrees with the T e method to within 0.1 dex for low metallicity systems. In fact he suggests that his method can be more accurate than the T e method when the [O III]λ4363 line is weak (Pilyugin 2001 ). This claim is based partly on data from the Hidalgo-Gamez and Oloffson (1998) metallicityluminosity work. Hidalgo-Gamez and Oloffson found little evidence for a metallicity-luminosity relation in their sample of starbursting galaxies, where metallicity was measured with the T e method. When the metallicities were recalculated using the Pilyugin method, the data closely follow the Skillman et al. (1989) metallicity-luminosity relation. This may indicate that the T e method is less reliable than the strong line method when [O III]λ4363 is noisy.
We use the p 3 method to generate a second metallicity estimate for our galaxies. The results are included in Table 7. We find that nine of the twelve galaxies have p 3 abundances within 0.1 dex of their T e result. The other three are within 0.2 dex. In order to illustrate this result, we plot the difference between the T e and p 3 metallicity results vs σ(T e )/T e in Figure 5 . We see that all three deviant galaxies have σ(T e )/T e > 0.07 and tend to be noisier spectra.
One of our most deviant objects is KISSB 23, which gives a p 3 metallicity 0.17 dex higher than its T e result. What is interesting in this case is that the excitation indicator [O III]λ5007/[O II]λλ3726,29 appears to be quite low, suggesting that this object may be past the peak of its starburst phase, with the most massive stars already evolved off the main sequence. Objects like this are rare in most ELG surveys, since post-peak objects are often fainter and have weaker emission lines. We have, however, found a similar object in the Skillman et al. (1989) dataset. Sextans A field 1 has a low excitation index but a high temperature and low metallicity. When we calculate a p 3 abundance for this object we find that p 3 gives an abundance 0.3 dex higher than the T e method. This may be suggesting that p 3 , which has been calibrated with a dataset composed exclusively of high excitation objects, is not reliable for objects with lower excitation spectra.
To further investigate whether p 3 or T e is more reliable, we use Pilyugin's idea of looking for a tight metallicityluminosity relation. In Figure 6 , we plot T e abundances for our galaxies as filled diamonds. For comparison, we include the Skillman et al. (1989) data shown as triangles. The fit to the Skillman data is shown as a dashed line. In Figure 7 we plot the same, using our p 3 metallicities. We see that both the T e and p 3 results appear to mimic the Skillman et al. metallicity-luminosity relation. The RMS scatter of the points about the Skillman fit for the T e plot is 0.25 while for the p 3 plot the RM S = 0.24. In other words, there is no significant difference in the scatter about the Skillman et al. relation for the two methods. One can improve the the T e plot by taking the p 3 results for KISSR 1490 and KISSR 1013, indicating that in a few instances the T e method may be underestimating the metallicity. However, the position of galaxy KISSB 23 on Figures 6 and 7 (M B ∼ −12.5) indicates that the lower metallicity predicted by the T e method appears to be more consistent with the metallicity-luminosity relation than that given by the p 3 method. Recall that KISSB 23 appears to be be atypical of hot young starbursts like those used in the sample on which the p 3 method is based.
The p 3 method appears to work well at characterizing the metallicity of hot young starbursts such as those studied by Izotov and Thuan and most of the galaxies in this study. In fact the p 3 results show that we may be underestimating the abundance of two galaxies where the [O III]λ4363 line is noisy. However it also appears that for low metallicity starbursts past their peak of star formation, the p 3 method may overestimate the metal abundance. In these rare cases a full nebular abundance approach may be the only reliable method for determining the metallicity.
conclusions
The KISS database contains many low metallicity galaxies. These objects can be quickly identified from the original survey data from their estimated absolute blue magnitudes and the metallicity-luminosity relation. While a sample based on absolute magnitude alone will also contain a small percentage of high redshift AGN's, the majority of systems selected this way are dwarf starburst galaxies. The selection criteria used lead to the discovery of twelve metal-poor objects with 12 + log(O/H) < 8.1, three of which are extremely metal-poor objects with metallicities approaching 1/25 solar.
The Lick 3m telescope is a valuable instrument for ob- taining abundance-quality spectra of the dwarf systems in the KISS sample, producing metallicity measurements with formal errors of 0.04 -0.09 dex. Using these spectra, we confirm that in most cases the p 3 strong line abundances match well with the T e abundances derived with the [O III]λ4363 line. In fact in two cases we see evidence that the p 3 results may be an improvement on the T e results indicating that we may be underestimating the errors in our metallicity measurements when the [O III]λ4363 line is noisy. We caution, however, that the p 3 method may break down for galaxies past the peak of their star burst.
We calculated metal abundance ratios of O/H, N/H, Ne/H, S/H and Ar/H for twelve galaxies. We found that the mean metal abundance ratios with respect oxygen match those of the Izotov et al. (1999) study.
This current work is a first effort by the KISS collaboration to produce abundance-quality spectra of lowmetallicity starburst galaxies. As the KISS collaboration generates more spectra of this type, we will be in a position to contribute significantly to studies of star formation mechanisms, star formation rates, and chemical evolution of the universe including primordial abundances. Because KISS samples a well defined region of space we hope to be able to answer statistical questions such as how common are galaxies with metallicities 1/10 solar and 1/25 solar. We hope to provide further constraints on the rates of secondary metal production, and with additional follow-up work on the most metal-poor KISS objects we may also be able to place bounds on the primordial helium abundance of the universe.
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